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FOCUSED ION BEAM TREATMENT METHOD AND SEMICONDUCTOR 
DEVICE SUITABLE FOR ITS IMPLEMENTATION 

Cross-Reference To Related Applications 

[0001] This application is based upon and claims priority from prior French 
Patent Application No. 03 02008, filed on February 19, 2003 the entire 
disclosure of which is herein Incorporated by reference. 

Field of the Invention 

[0002] The present invention generally relates to a method of treating a 
semiconductor device, and more specifically to a method of treating a 
semiconductor device produced on the surface of a silicon-on-insulator 
substrate, with a focused ion beam. 

o 

Background of the Invention 

[0003] The treatment with a focused ion beam (FIB) is well known for the 
production of test chips in the field of research and development in 
microelectronics. Depending on the nature of the gas formulation used in 
combination with the focused ion beam, such a treatment allows local cutting or 
deposition of a metallic material or of a dielectric in a semiconductor device 
produced on the surface of a substrate. Such cutting and such deposition make 
it possible in particular to repair the device without having to produce a new 
chip. This makes it possible to reduce both the fabrication time and fabrication 
cost of semiconductor devices in the research and development phase. 
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[0004] Such chips are typically portions of a wafer that are in general not cut and 
are not packaged. Consequently, the electrical ground of the corresponding 
semiconductor device is not connected to the electrical ground of an integrated 
circuit. 

[0005] The ions must be removed from the wafer. In the case of a device 
produced directly on a bulk-doped silicon substrate, the ions flow away through 
the substrate, which is generally connected to the electrical ground of the FIB 
machine. It is said that the substrate becomes biased. 

[0006] However, in the case of a semiconductor device produced on the surface 
of a silicon-on-insulator (SOI) substrate, the buried oxide (BOX) layer prevents 
the ions from flowing away into the substrate. Consequently, the substrate is no 
longer biased. The device has two electrical grounds that are isolated from each 
other, namely the ground for the substrate and the ground for the semiconductor 
device. 

[0007] Nevertheless, it may happen that an electrostatic discharge (ESD) 
through certain layers of materials forming the semiconductor device occurs. If 
such a discharge occurs through the BOX layer, this layer may be destroyed 
locally by a phenomenon identical to the breakdown of a capacitor. Thus, the 
advantage of the isolation of the semiconductor device relative to the substrate 
is lost locally, but this is a limited drawback. A much more serious drawback is 
encountered when the electrostatic discharge occurs through the gate of a MOS 
transistor of the device. This is because, since the gate has therefore broken 
down, the MOS transistor is destroyed, which may affect the operation of the 
device. 

[0008] It would be conceivable to create, during fabrication of the device, a bias 
path from the substrate through the buried oxide layer in order to allow the ions 
to flow away into the substrate during the FIB treatment. However, this is not 
possible since the fabrication processes currently available in the 
microelectronics field provide no mask for the buried oxide layer. 
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[0009] Accordingly, a need exists to solve the aforementioned problem of the 
prior art and to provide a method a focused ion beam method to reduce the 
damage caused by electrostatic discharge through certain layers forming the 
semiconductor device. 



Summary of the Invention 

[0010] The present invention overcomes the electrostatic discharge problems 
with the prior art by teaching a method of making a BOX layer beneath a 
structure electrically isolated from the rest of the circuit break down a posteriori 
(that is to say after fabrication of the device) so as to open a bias path from the 
substrate through the structure. It is then sufficient to connect the (floating) 
electrical ground of the semiconductor to be treated by FIB to this bias path so 
that the ions flow away into the substrate during this treatment. 

[001 1] Thus, a first aspect of the invention relates to a method of treating a 
semiconductor device with a focused ion beam, the device being produced on 
the surface of an SOI substrate and comprising an interconnect structure having 
a first defined metal line that is electrically connected to the electrical ground of 
the semiconductor device. The method comprises the steps consisting in: 

[0012] causing the insulator layer of the substrate, beneath an active zone of a 
structure electrically isolated from the rest of the semiconductor device and 
electrically connecting the active zone to a second defined metal line, to break 
down by subjecting the second metal line to a focused ion beam until breakdown 
of the insulator layer; 

[0013] creating an electrical connection between the first metal line and the 
second metal line; 

[0014] treating the semiconductor device by FIB; and 

[0015] breaking the electrical connection between the first metal line and the 
second metal line. 
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[0016] A second aspect of the invention relates to a semiconductor device 
produced on the surface of an SOI substrate, suitable for implementing the 
method according to the first aspect. This device is, for example, a test chip, 
especially one in a research and development phase. This device comprises: 

[0017] at least one active zone and an Interconnect structure having a first 
defined metal line that is electrically connected to the electrical ground of the 
semiconductor device; and furthermore 

[0018] a structure electrically isolated from the rest of the semiconductor device, 
that comprises an active zone covering the Insulator layer of the substrate and 
an interconnect structure connected to the active zone and having a second 
defined metal line. 

[0019] The minimum distance (in a direction parallel to the surface of the 
substrate) between the active zone of the isolated structure and any other active 
zone of the rest of the device, is greater than the thickness (in a direction 
perpendicular to the surface of the substrate) of the Insulator layer of the 
substrate. Furthermore, the minimum distance (in a direction parallel to the 
surface of the substrate) between the elements of the interconnect structure of 
the isolated structure and the elements of the interconnect structure of the rest 
of the device, is greater than the thickness of the insulator layer of the substrate 
(in the direction perpendicular to the surface of the substrate). This ensures that 
the insulator layer of the substrate breaks down before breakdown of another 
portion of insulator surrounding the isolated structure when the method 
according to the first aspect is implemented. 

[0020] Preferably, the first metal line and the second metal line belong to the 
metallization level of the semiconductor device that is furthest away from the 
substrate. It is thus easier to create an electrical connection between the lines 
by depositing a metal bridge. 
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Brief Description of tlie Drawings 

[0021] The subject matter, which is regarded as the invention, is particularly 
pointed out and distinctly claimed in the claims at the conclusion of the 
specification. The foregoing and other features, and advantages of the invention 
will be apparent from the following detailed description taken in conjunction with 
the accompanying drawings in which: 

[0022] FIGs. 1 to 6 are partial sectional views of a semiconductor device at 
various steps of a method according to the present invention. 

Description Of Tiie Preferred Embodiments 

[0023] It should be understood that these embodiments are only examples of the 
many advantageous uses of the innovative teachings herein. In general, 
statements made in the specification of the present application do not 
necessarily limit any of the various claimed inventions. Moreover, some 
statements may apply to some inventive features but not to others. In general, 
unless otherwise indicated, singular elements may be in the plural and vice 
versa with no loss of generality. 

[0024] In the drawings, the same elements bear identical references. We 
consider the example of a technology in which the interconnects are produced 
on six superposed metallization levels, M1 to M6 respectively, using the 
damascene technique or the dual damascene technique. In addition, the 
metallization level M6 which is furthest away from the substrate 10 is covered 
with an insulating layer called a passivation layer. 

[0025] Moreover, we consider the example of FIB treatments by means of 
positive ions, such as positively ionized argon (Ar) atoms. 

[0026] FIG. 1 shows a partial sectional view of a semiconductor device 20 at the 
start of the method according to the invention. It is assumed that such a device 
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has been fabricated beforehand using the conventional microelectronics 
techniques. 

[0027] The device 20 is produced on the surface of a substrate 10 which is an 
SOI substrate comprising a layer 1 1 of a semiconductor material, for example 
lightly doped silicon, covered with a thin layer of buried oxide, for example 
silicon dioxide (Si02). This thickness e of the layer 1 1 is, for example, around 
500 pm (10"® metres) and the thickness of the layer 12 is, for example, around 
500 nm (10*^ metres). These thicknesses are taken in a direction perpendicular 
to the surface of the substrate. Such an SOI substrate is available, for example, 
from the company SOITEC. 

[0028] Any semiconductor device 20 whatsoever is produced on the surface of 
the substrate 10. This device comprises one or more active zones and an 
interconnect structure. The term "active zone" is understood within the context of 
the present invention to mean a zone of non-insulating material, not belonging to 
the interconnect structure. Typically, this is a zone of n-doped or p-doped silicon, 
that may be involved in the construction of components such as MOS transistors 
or the like. 

[0029] In the figures, only part of the device 20 is shown, especially two metal 
lines 21 and 22 produced in the respective metallization levels M5 and M6 of its 
interconnect structure. It will be assumed that these lines, that are connected 
together by a vertical interconnect (via), are connected to the ground GND2 of 
the device 20. It should be noted that the lines 21 and 22 are surrounded by a 
dielectric, for example SiOa, and that the line 22 is also covered with a thin layer 
of dielectric, for example Si02 or silicon nitride (Si3N4) acting as passivation 
layer. 

[0030] According to the invention, the device 20 furthermore includes an isolated 
structure 30. The term "isolated structure" is understood to mean a structure 
electrically isolated from the rest of the device 20. This structure has the 
function, after FIB treatment, of forming a conducting path, called a bias path, 
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from the substrate 10 in order to remove the ions during an FIB treatment of the 
rest of the device. 

[0031] The isolated structure 30 includes an active zone 31 lying on the surface 
of the substrate 10, on top of (and preferably covering) the insulator layer 12. 
being also surrounded by an insulator 32 (Shallow Trench Insulator or STI). The 
thickness of the active zone 31 and of the insulator 32 is, for example, 
approximately equal to 140 nm. The zone 31 is obtained by deposition using the 
techniques for deposition on an SOI substrate. The zone may be made of 
positively doped silicon, for example silicon doped with boron atoms. The active 
zone 31 may also be made of negatively doped silicon, for example silicon 
doped with phosphorus atoms. In fact, it is advantageous for it to be positively 
doped when the ions of the focused ion beam used for the treatment are positive 
ions (as in the example considered here) and for it to be negatively doped when 
these ions are negative ions. This makes the breakdown of the Insulator layer 12 
easier to achieve (see below). 

[0032] Advantageously, the distance Y between the active zone 31 and the other 
active zones (not shown) of the device 20, the distance being taken along a 
direction parallel to the surface of the substrate 20, is greater than the thickness 
e of the oxide layer 12. In this way, the breakdown of the layer 12 takes place 
before that of the insulator 32. 

[0033] The isolated structure 30 also includes an interconnect structure 33 that 
comprises a metal line 34 in the metallization level M6. The structure 33 forms a 
conducting path extending between the active zone 31 and the metal line 34, 
said structure being isolated from the rest of the device as it is surrounded by a 
dielectric. The simplest example of the structure 33 is a stack of metal forming a 
column of alternately superposed lines and vias. For each of the metallization 
levels M1 to M6, the interconnect structure 33 thus comprises a line portion 
(horizontal connection) such as the line 34, and a via (vertical connection), these 
lines and these vias being shown conventionally in the figures. 
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[0034] Initially (that is to say after fabrication of the device but before its FIB 
treatment), the isolated structure 30 forms a simple conducting path between the 
active zone 31 and the metal line 34. It may be made at the same time as the 
rest of the device 20. In particular, the interconnect structure 33 may result from 
the photolithography and deposition steps employed for producing the 
interconnect structure of the rest of the circuit (comprising in particular the lines 
21 and 22). The isolated structure therefore incurs no prohibitive cost-up. 

[0035] The surface of the active zone 31 determines the value of an equivalent 
capacitor Cbox between the active zone 31 and the layer 1 1 , these being 
separated by the insulator layer 12. The greater L, the higher the value of Cbox- 
To facilitate the breakdown of the capacitor Cbox (see below), the dimensions of 
the active zone 31 in a direction parallel to the surface of the substrate are as 
small as possible. The active zone 31 is, for example, a square having sides of 
length L. In practice, the value of L is limited by the design rules of the 
technology used. At the present time, these rules make it possible to go down to 
a minimum of L = 0.13 pm. Preferably, L does not exceed a maximum length 
that may be set at 1 0 times the above minimum value, that is to say 1 .3 pm. 
Typically, L is equal to about 1 |jm. 

[0036] FIG. 1 also illustrates a step of FIB treatment of the portion of the 
passivation layer to the right of the metal layer 34. This treatment takes place 
through a depassivation mask 40 that has an aperture in line with the line 
portion 34. The purpose of the treatment is to remove the passivation layer in 
the window so as to at least partly expose the metal line 34. The ions used 
cannot flow away into the substrate 10 because of the buried oxide layer 12. 
This is why these ions charge the active zone 31 , in fact the capacitor Cbox. As 
they are positive ions in the example, they are shown in the figures by signs 
in the various elements of the isolated structure. 

[0037] When the entire thickness of the passivation layer has been removed, the 
configuration shown schematically in FIG. 2 is obtained. By continuing the FIB 
treatment (or by applying another FIB treatment, but preferably with ions of the 
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same polarity), with or without the depasslvation mask 40, the charging of the 
active zone 31 continues to increase. 

[0038] Preferably, the polarity (i.e. the positive or negative sign) of the ions of the 
FIB treatment is identical to the polarity of the doping in the active zone of the 
isolated structure (the expression "polarity of the doping" is understood to mean 
positive polarity in the case of p doping and negative polarity in the case of n 
doping). 

[0039] The charging of the active zone 31 increases up the point when the 
voltage across the terminals of the capacitor Cbox exceeds the breakdown 
voltage of this capacitor. The insulator layer 12 is then destroyed locally above 
the active zone 31. This breakdown is shown symbolically in FIG. 2 by an arrow 
70. A similar arrow is also shown on the symbol for the capacitor Cbox and can 
be seen on the bottom right-hand side of FIG, 2. 

[0040] The ions then flow away from the active zone 31 into the layer 1 1 of the 
substrate 10. The substrate 10 is then said to be biased. In operation, the layer 
1 1 of the substrate 10 is connected to the ground GND1 of the equipment used 
for carrying out the FIB treatment. The ions therefore flow away to ground 
(GND1). 

[0041] In this state, the isolated structure 30 forms an ion flow path from the 
metal line 34 to the layer 1 1 of the substrate 10, or the bias path for the 
substrate 10. 

[0042] It should be noted that the distance X between the metal lines 22 and 24, 
and more generally the minimum distance between the elements of the 
interconnect structure 33 and those of the interconnect structure from the rest of 
the circuit, taken along a line parallel to the surface of the substrate 10, is 
preferably greater than the thickness e of the insulator layer 12. Likewise, the 
distance Y, taken along a line parallel to the surface of the substrate 10 between 
the active zone 31 and any other active zone of the device, is greater than the 
thickness e. Thus, the breakdown of the insulator that surrounds the isolated 
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stmcture 30 does indeed occur within the layer 12, and not elsewhere. 
Preferably, the aforementioned distances X and Y are not less than 1 |jm. 

[0043] The diagram in FIG. 3 illustrates an FIB treatment step intended to 
remove a passivation layer on top of the metal line 22 belonging to the rest of 
the device 20. This step may also be carried out by means of an FIB treatment 
through a depassivation mask 50 having a suitable aperture. Advantageously, 
this aperture exposes not only the passivation layer on top of at least part of the 
metal line 22, but also at least an exposed part of the metal line 34 of the 
isolated structure 30. In this way, the ions can flow away into the substrate 10 
via the bias path open through the isolated structure 30 and the buried oxide 
layer 12. Thus, there is no risk of the rest of the device being damaged by this 
FIB treatment. 

[0044] When the entire thickness of the passivation layer has been removed, the 
structure illustrated in FIG. 4 is obtained. 

[0045] In the next step, an interconnect is produced between the metal lines 34 
and 22 by depositing a metal bridge, for example made of platinum (or else 
aluminium, tungsten, copper, etc.) between the exposed parts of these two lines. 
The configuration shown in FIG, 5 is thus obtained. 

[0046] Thus, the ground GND1 of the substrate 10 is electrically connected to 
the ground GND2 of the device 20. This electrical connection is illustrated 
schematically in the bottom right-hand side of FIG. 5. It is then no longer 
possible stricto sensu to state that the structure 30 is isolated from the rest of 
the circuit 20. 

[0047] This deposition step may be carried out, for example, by CVD (Chemical 
Vapour Deposition). However, it is preferable for it to be carried out by a suitable 
FIB treatment, since the wafer is already positioned in the FIB machine. 
Preferably, the distance X along a line parallel to the surface of the substrate, 
between the exposed parts of the line 22 and 34, does not exceed 5 |jm. In this 
way, the amount of metal to be deposited is limited. 
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[0048] Since the metal bridge 60 is present, it is possible to carry out the step 
(not shown) of treating the device 20 by FIB according to the requirements of the 
application. During this treatment, the ions can flow away to the ground GND1 of 
the substrate through the metal bridge 60 and the bias path for the substrate 10 
that includes the structure 30, instead of building up within the ground GND2 of 
the device 20. Thus, any risk or destroying or damaging the device 20 is 
avoided. 

[0049] Preferably, the method is completed by a step of breaking the electrical 
connection between the lines 22 and 34. This step makes it possible to 
reestablish the isolation of the rest of the device 20 relative to the layer 1 1 of the 
substrate. Without this step, the advantage of using an SOI substrate would be 
lost. 

[0050] This break is obtained by removing at least part of the metal bridge 60 so 
that there now remains only two contacts 61 and 62 on top of the metal line 34 
and the metal line 22 respectively, these contacts being electrically isolated from 
each other, so as to obtain the structure shown in FIG. 6. This removal may be 
obtained by a further FIB treatment through a suitable mask. Of course, it is also 
possible to remove all of the conducting bridge 60 so as to return to the structure 
of FIG. 4. 

[0051] Breaking the electrical connection between the metal lines 34 and 22 
reestablishes the separation of the ground GND1 of the substrate 10 from the 
ground GND2 of the device 20. This separation is illustrated schematically in the 
bottom right-hand side of FIG. 6. In this way, the structure 30 may once again be 
said to be isolated from the rest of the structure 20. 

[0052] The invention has been described above in the case of a preferred, but 
non-limiting, embodiment. In particular, the steps of removing the passivation 
layer illustrated by FIGs. 1 and 3 and the step of opening the metal bridge 60 
have advantageously been provided here in the form of an FIB treatment 
because the wafer is already positioned in the FIB machine. However, any other 
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known rennoval process is conceivable, for example dry etching, wet etching, 
CMP (Chemical Mechanical Polishing), and more. 

[0053] Although a specific embodiment of the invention has been disclosed, it 
will be understood by those having skill in the art that changes can be made to 
this specific embodiment without departing from the spirit and scope of the 
invention. The scope of the invention is not to be restricted, therefore, to the 
specific embodiment, and it is intended that the appended claims cover any and 
all such applications, modifications, and embodiments within the scope of the 
present invention. 

[0054] What is claimed is: 
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